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S ( f> Abstract: The present invention concerns a chiral catalyst that can be used in the oxidative coupling of naphthol 
- characterized in that the said chiral catalyst is a complex between vandium and a SchifT base which is formed by a chiral amino 
add and a formyl-biphenyldiol, wherein the chirality is induced by the chiral amino acid. The complex has following structure 
llj: wherein R is selected from the group consisting of benzyl, isopropyl, isobutyl and tert-buty; and the amino acid has R or S 
configuration. When the chiral catalyst of the present invention is used in the catalylically oxidative couplings of naphthols or 
their derivatives, optically highly pure binaphthyldiols or their derivatives can be obtained 
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MM 

.& , % •&£rtflX.1&f L toMl4B.&#-jb ( Tetrahedron 1995, 51, 

9353; Tetrahedron 2000, 56, 2325 ), a£B # , &;&&*r£4frfls#^- '&fe4Mo 

i?ev. 1992, 92, 1 007; Ozem. Rev. 1992, 92, 1021 ; Chem. Rev. 1998, 98, 2405; 
Asymmetric Catalysis in Organic Synthesis; Wiley and Sons: New York, 1994 )„ 

sl ® % i* # fr^-^tutb $ it , t -Mn*t ^«l*i*I45»***il 

1. $ffrzr& 

#JEL, #^*ft#SiJ££ 50%fit^, #^*JfitW*t-dLi— 
il**fe.AlfL*l7.^*I*>a^[Bfoo^. C/7e;n. 1978, 7, 7397; J. Org. 
CTzem. 1998, 53, 3607; Tetrahedron Lett. 1987, 25, 355; ./ Org. C/tem. 1981, 46, 
4988; Tetrahedron Asymmetry, 1995, 5, 2123; Tetrahedron Lett. 1995, 35, 
7991J. 

2. # JMMWfc^ A 

A 4* to fit fa t « $ A it # *fe fit^— 4. 4fe , 

Tamio Hayashi « Ni ^4b#J«^^«^*4M^^AJPUi|^»4.# 
[J. ,4m. Cfeew. Soc. 1988, 770, 8153], j$"sr& 95%. &&&& 
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*M3 *JL#«»t^#J£W4tJd-*«FlL« 1992 ^ 

TbnuotoJlj*ttM^^AT*^^[/ An. C W &c. 1992, 7/4, 
8732J, Suzuki iU^ Heck ^HLjfe/g^AJMT-^'tt^^flL^. 

«M>r£#, [Gtew. C«, 2000, 1723; J[ ^m. CW Soc. 2000, 722 
12051]. is*A^*->N*ra#A, >*#fcB*XWL*.4*IM4, 

3. JMfc«Jplg^ 

4fc«#**W*it#4*JiJ T 33~71%J***i±*ttJftji3MH*±#[9^ 
2000,74, 333], *3-*«***fcA4*te, **jL4fc*J!l; -MMfArttf* 

2001, 5, 869; Org. Lett. 2001, 66, 481]„ 

3,3' oif ***U^^A^i#^A^JtA4«^>»*l«J^ 
46, m^T: 
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s. 

4UUfc#»#Sfc#ifc#F-f *fc+ , 40-60*0 5-15 frty, ##3 3' 

T *b&**^***-f &**9&<*.>*%^*M!j (4Mub# 1:1) 

t , 70-90 °CM# 1-3 <J>B*, *»^aML$ 25%^ V0SO 4 

7jc^, it*|j^aM»f!j4«, JU2 1-3 *tf^£/M^4Mfcm*MH* 
-HMI'fb*); ^-^^:NaAc:7jC:3,3' ¥ SfcU^— »: VOS0 4 

# 1.2:2.4:100-150:0.5:1.1 sa^*#J:3,3' ? Sfc£4^ jifiHfr 

20-25:1 (>^**it) 0 

J^^*t. «4»*^^^#,ia|L^|Ufc#J,^ l~10mol% 
S>\ 90-97%, i^.AiI#^jL^f^iiSiJ^^.^^ 0 

■^: 
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r1 VYVR 2 10mol%cat R'^^Y^OH 

r3 AAA oh o 2 ,cci 4 R Y*vSr OH 

#+. Mt2a, 2b. 2c, 2d, 2e, 2f, 2g, 2h, 2i, 2j, 2k*-f— 
2a,R , =R 2 =R 3 = H ; 2b, R'= H, R 2 = H, R 3 =OMe; 2c, R»= Br, R 2 = H, R 3 =H" 2d 
R'= H, R 2 = OMe,R 3 =H; 2e, R'=H, R 2 =H, R 3 =OEt; 2f, R'=H, R 2 =OBn rW 
2g, R'=H, R 2 =H, R 3 =OBn; 2h, R^H, R 2 =H, R 3 =O n Bu; 2i, R'-H R 2 =H 
R^=OCH 2 CH=CH 2 ; 2j, R '=H, R 2 =H, R 3 =OC 8 H 17 ; 2k, R>=H,' R 2 =H 
R=OC 12 H25; ^^^#^3a, 3b, 3c, 3d, 3e, 3f, 3g, 3h, 3i, 3j, ' 
3k*+-#, 3a,R«-]tf-R 3 -H; 3b, R*= H, R 2 = H, R 3 =OMe; 3c,R 1 -Br,R^ 
H,R=H; 3d,R 1 =H,R 2 =OMe,R 3 =H; 3e, R'=H, R 2 =H, R 3 =OEt; 3f, R ] =H 
R 2 =OBn, R 3 =H; 3g, R ! =H, R 2 =H, R 3 =OBn; 3h, R J =H, R 2 =H, R 3 =O n Bu- 3i 
R =H, R 2 =H,R 3 =OCH 2 CH=CH 2 ; 3j, R»=H, R 2 =H, R^OCgHn; 3k, R'=H, R 2 =H 
R=OC 12 H 25 ; m&MlLJH la, lb, lc, Id la: R=Bn, lb: R^Pr 

lc: R^Bu, Id: R^Bu, fiftm^&.®L% SfaZl. 

O'C Ti&ft, ^#*ML& HPLC -H± Kromasil CHI-TBB column 
^ Chiralpak AD column $!]iL 

^^^T^Mf^: 
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Bifal (*) 


(%: 


l e.e. (%) 

v. / 


1 


3a 


7 


84 


90 


2 


3b 


7 


95 


95 


3 


3c 


4 


98 


90 


4 


3d 


6 


trace 


ND 


5 


3e 


4 


99 


96 


6 


3f 


6 


trace 


ND 


7 


3g 


6 


80 


95 


8 


3h 


4 


99 


94 


9 


3i 


4 


99 


95 


10 


3j 


4 


99 


94 


11 


3k 


4 


94 


97 


12 


3a 


8 


85 


90 


>±: 1. 
2. 


^.'t' trace: # 
^i^/^ 3d, 


ND: ;M£riii, e.e. (%): 
3f ?M&i£i, «ti&ft-§- K 2, 


3s 5. 7, 8s 9s 



iOs lis i2fimMtf/ z &frM&&&m^£%&mi~^M&. 

2,2'-- ( JUfc.) -U 

&2S0mL J=nfotjfc>M&/fb4* (^*^50%) 3.5 72mmol), M, 

^^T^^itzK THF ( 60mL ) DMF ( 20mL ), $HS.JL O'C , i*^v 

5.6 £(30mmol)-f 15mLTHF + MfflAT*# 10 

ft«>^&¥ &J& 6mL (78mmol), ^>Jc>§-, fSTMt^# 8 * 
Bfr, £#J!]6$|L& &4t^#t^^7jc lOOmL y^-PLJ^LM, m Z^^L^m 
(100mLx3)^^, ^^Mil^it7j<s.(60i-nLx2)^, ;^>e«#-t^:, i±Jfc, *fc 

#Jt#r&*fe (ifcJfc*): JPE.it: Z,&Z,8g=5: 1)# 
5!]>%#&><W*^8&, iM*: 97%. ! HNMR (300MHz, CDC1 3 ) (ppm) 
3.39 (s, 6H), 5.12 (s, 4H), 7.13 (m, 2H), 7.30-7.37 (m, 6H). *4&£»«lfr#4&«'Jj? 
4fc4*.*fe— It. 

£ 500mL a HlJ&j&$fc+ 3^ 7 5 ^ (27.4mmol) 2,2'--^ ( f #L^f ^ 
&) M^^T^Tv 300mL ^Jc^g&igilf , ^#T^^viE.T^4l 
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80mmol(50mL, 1.6M solution in hexane), M^^tST^f 2 »X>§^ 
jPJL(TC, ^DMF20mL(260mmol)^ THF 20mL, **T* 

(100mLx3)**, ^^f^U, #M^7jci00mL^it7jCi00mL 

=3: 1 3.925 A, 47%. 'HNMR 

(300MHz, CDC1 3 ) (ppm) 3.15( s, 6H), 4.81 (s, 4H), 7.37 (dd, J=0.9, 8.4Hz 
2H), 7.67 (dd, J=L8, 7.5Hz, 2H), 7.93(dd, J=1.8, 7.8Hz, 2H), 10.44 (s, 2H)„ #' 

3,3 f ftt£jpfcfcji®^ #'J4- 

^E. 250mL U^MCt Jl#/'^3,3'-— f ©bJ_-2,2'-— ( f ft&T ) 
SM£ 3.0 Jt(9mmol), 6GmL, 6M #ifc§£ 60mL ^.^Sf 40mL, ^70 

TC*$£TW*14 **^-iLf*fc(80mLx2)4*., ^^f@, 

*5%tf***^*^ 5 <hiiL**-*, #^ 7 JC(80mLx2)^, iL^^ 

ft**** 50mL^ rtitM A , #f i j^fc^iR^ 1.92 A 87% 

'HNMR (300MHz, CDCI3) (ppm) 7.13 (dd, 2H), 7.05-7.36 (m, 5H), 9 96 (s 
2H), 11.45 (s, 2H); it^^^^J®^^^-^. 

^25mL W^**ti|LtB?3j|y^*f- , jftMSO-^iUft (1.2 

mmol), ^7jCBt^(2.4mmol) -2Uc(2mL), MAJ^^A, 60 T3 T«# 
5min, *4l££***, *»A 3,3'-=. f Ife^j£-g»(0.5 mmol) -f (5 
mL) THF (5 mL)* 70 °C 3 >hH, ftjkfaj*,, 

*^5J^ A***t*Aflfc«tMl(l.l mmol) f 2mL^M, i£#f 

3 *Bfr. #Ufr**l, ^ 7 JC 20 mL, ^-^.f^SOrnL 
^Ma4MJ#. (3x25 mL)^, ^7jO«^-f^, i±jft, ^-f-jflf^-^ 
-**fcfllflS#J la. 683.0434 (M+H), C 32 H 25 N 2 0 9 V 2 S 

683.0439). ^^(crn" 1 ): Vc= N (1685), v c=c (1623), v v = 0 (986). 

£ 25mL «f«oHJ^,ifcj&t*JiW*J^Bi^, ^(5) ^S^-iU& 
(1.2 mmol), £,;Mih&4* (2.4 mmol) ^7K(2mL), Jt*LSL& 40 °C T 
M#15min, *4L3t^«f, ^A. 3,3'-- T SfcgJgfc£— Sfr(0. 5 mmol) -f <L 
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* ff ? # 2 **' ***** ) ' 20 mL, fliJLT *fc50mL 

W, **MS.1M|#. (3x25 mL)*, itM, ^#0fft 

****** lb. S^****f: 587.0418 (M+H), C 24 H 2;Nj O s V 2 SE 
(587.0439). toiKHt, (1687), v^ (I 620),v v=o (989). 

& 25mL ■AAAt*JiWSfc^*^ f *A(S) 

^(1.2mmol), (2.4mmoI) ^7jC(2mL), A*JL*=L*., 60 "C 

TfplOmin, ^3,3'--f®fe^^^( 0 .5mmol) -f 

(5 mL) ^THF (5 mL)f «3<J 90'C 1 5 h 

^#5.J^^A^^t^^^(l.lmmol) -f 2mL*.^W 
i£^^, Jir - #W 3 ,j, Bj . > fc^^, ^ 7jc 2Q mL> 

50 mL**, ^T«D#^7jc (3x25 mL)*, X.;teUM*-f*, it*, *rf- 
#*f#tf**MlMfc*J lc. *4*Mr***f: 6 i 5 .0728 (M+H), C 26 H 29 N 2 0 9 V 
*** (615.0752). te***h v c=N( 1696 ) ,vJ (1 618),v v ^f 

* 25mL ^*nWA«Mfct*J:WSt^*f , jUL^S) 
^(1.2mmol), (2.4mmoI) A 7 J<<2.5mL), JWJL*.**, 60 X2 

TWlOmin, 4fc*jfc*fcjf, ^A3 1 3'--T^^(0.5mmol) -f 

(6 mL) A THF (6 mL) + W**. ;»5>J 90 °C i 5 h 

^#5.j^^^^t^X«^(l.lmmol) -f 2mL*.W** 
3 *Jft*#j, ^ 7jC 20 mL, 

50 mL**, ^"HMB*^*. (3x25mL)* f ^M^fl, it*, ^ 
##*tf*4M|Hfc« Id. i* 615.0635 (M+H), 

C 26 H 29 N 2 0 9 V 2 S^i (615/0752). fc*HNfr : Vc = N (1683), Vc =o (1615), v v =o 
(994). 

& 25mL ^^cr HI^At *-tW3lt^*4f , j|!LM *)-#.«■*.* (1 2 
mmol), (2.4 mmol) ^7jC( 2m L), AUUILs.*, 60 T3 Ttft 

#5min,^^J P A3 ) 3'^fa|^«(0.5mmol) -f (5 
mL) * THF (5 mL)t 70'C#^# 3 h, , ftft 
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*J^4fAA**t*A^tiUMW<l.l mmol) -f 2 mL *M$S&>&, ife#faMp 
3 *Ht, &*ftjM>j, *iA.7jc 20 mL, ^ — *fc 50 mL # 
##L*iMM#. (3x25 mL)^, ^zMfcaMfc-^fc, S±J|, ^#-f-#>ft£ 



£ SmL # ft a BJ^^t^X^^J lc (12.2 mg, 0.02 mmol) , *»a 
^7KCCl 4 (lmL)^, ^UWlO^t, ^^^2-^(29mg, 
0.2 mmol)^^7jc CC1 4 (1 mL)t A^St^4*M$E. 0°CTI£#JLS"J^# 

J^Mu2££- (tlc jfc*), m>&%,mj&M&$i 

&(&JVLM: ^^^11/^^^=1/3) #5!) (i?)-BINOL3a, 84%, tt«t^ 

*f 'HNMR (300MHz, CDC1 3 ) (ppm) 7.98 (d, .7=9.0 Hz, 2H, 2xHC (4)), 7.90 
(d, J=7.8 Hz, 2H, 2*HC (5)), 7.38 (d, 7=9.0 Hz, 2H, 2x H C (8)), 7.41-7.27 (m, 
4H, 2xHC (6), 2xHC (7)), 7.16 (d, 7=8.4Hz, 2H, 2x H C (3)), 5.09 (s, 2H, 2xOH). 
*##ML 90% * (Kromasil CHI-TBB column, Hexane/ propan-2-ol= 

90: 10; flow rate 1 mL/ min; ^-isomer, t R 7.78 min and ^-isomer, t R 8.79 min) 

& 5mL tfjft n liMt^Afftl'] lc(6.1 mg, 0.01 mmol) , ^AJL 
* CCI4 (1 mL)^, £^A^T*t# 10 iJ&iPA 7-f 2~jfrfr 

2b (35 mg, 0.2 mmol)^7jC CC1 4 (1 mL)t tfj&%L. 0 "C ft 

¥f£$mWM-&£LM&& (TLCJM), ^#^^J:^^-J, >&^# 
^^a4i^^(^b^J: ^^.^!M>*ia=l/3) #SiJ 3b, 4^95%, 

a ]=- 104.68° , 1 HNMR (300MHz, CDC1 3 ) (ppm)' 7.88 (d, 

7=9.0 Hz, 2H, 2xHC (5)), 7.79(d, .7=9.0 Hz, 2H, 2xHC (4)), 7.22 (d, .7=8.7 Hz,' 
2H, 2xHC (3)), 7.03 (dd, J=9.0 Hz, 2.4 Hz, 2H, 2x H C (6)), 6.49 (d, /=2.4 Hz,' 
2H, 2xHC (8)), 5.08 (s, 2H, 2xQH), 3.59 (s, 6H, 2xQCH 3 ). JL^&M. 95% , ' 
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te&*R (Kromasil CHT-TBB column, Hexane/ propan-2-ol= 80: 20; flow rate 
1 mL/ min; S-isomer, t R 4.95 min and ^-isomer, ^5.32 min) 

& smL «** * mjkm^^mm ic (6.1 mg , 0.01 mmoi) . *aje, 

^ CCU (1 mL)**f, 10 &4f, 6-*-2-*» 2c (44 

m g> 0.2mmol)f-^7jCCCl4(lmL)t^^. XMj&&to&0 CT*#Jl*J 

4M*:«l(*fcJfc*l: &Sfc£B&/,S*feB*=i/3) 3c, ^#99% 

[a]=-33.74° ,#*#*f »H NMR (300MHz, CDC1 3 ) (ppm) 8.06 (d 7=1 8 
Hz, 2H, 2x H C (4)), 7.89(d, 7=9.0 Hz, 2H, 2x H C (5)), 7.37 (d, 7=6.9 Hz 2H 
2xHC (8)), 7.36 (dd, 7=9.0 Hz, 1.8Hz, 2H, 2*HC (7)), 6.96 (d, 7=9.0 Hz[ 2h' 
2xHC (3)), 5.08 (s, 2H, 2xOH). ^ML9Q%,^^ R (Kromasil CHI-TBB 
column, Hexane/ propan-2-ol= 80: 20; flow rate 1 mL/ min; ^-isomer, t R 6.68 
min and-R-isomer, t R 7.51 min) 0 

&5mLK®v «Afc*+*A.4H4fc#| lc (6.1 mg, 0.01 mmol) , AiAJfc 
^CCl4(lmL)^, mM#10^ ( MV£*"^7-Zj*JLZ4t» 
2e (38 mg, 0.2 mrnol)^^ CC1 4 (1 mL)t 0 Cft 

CILCjft*), -ML#JML*Ui***#J f 
fl*MMMfc#fe(*flUM: #«] 3e, 99%, bMUt, 

>0L[ oc ]=-154° ,4**fefr#f 'HNMR (300MHz, CDC1 3 ) (ppm) 7 87 (d 7=9 0 
Hz, 2H, 2 x HC (5)), 7.78(d, 7=9.0 Hz, 2H, 2 x H C (4)), 7.21 (d, 7=9.0 Hz! 2H 2 
x HC (3)), 7.03 (dd, 7=9.0 Hz, 2.4Hz, 2H, 2 x HC (6)), 6.49 (d, 7=2.1 Hz, 2H 2 
x HC (8)), 5.06 (s, 2H, 2 x OH), 3.78 (m, 4H, 4 x OCH 2 ) 3 1.28 (t, 6H, 6 x aL) 
^#^,^96%. 

£ 5mL « a n jfcfefttf *A.flt«#J lc (6.1 mg, 0.01 mmol) , *»AJt 
* CC1 4 (1 mL)^, IHW 10 ^Hf, 7-^^J. 24» 

2g(50mg, 0.2mmol)^7jC C Cl 4 (l mL)t^**. ^ig^^O ^Tt 
#jL*|**f*4s&*** CHLCjfcSH), ***«.JL-UUUt*jWW, fed-* 
#4M*#*Ufe(*«*J: &*&«/>5Ml-l/3) #«] 3 g, ^80%, 
&[oc]=-157.42° M*%&*T 'HNMR (300MHz, CDC1 3 ) (ppm)'7.89 (d 



WO03/.06467 _ PCT/CN03/00156 



7=9.0 Hz, 2H, 2 x HC (5)), 7.80(d, .7=8.7 Hz, 2H, 2 * HC (4)), 7.24 (d, 7=9 0 Hz 
2H, 2 x HC (3)), 7.10-7.22 (m, 12H, 2 x H C (6), 10 x PhH ), 6.50 (d, 7=2.1 Hz ' 
2H, 2 x HC (8)), 5.01 (s, 2H, 2 x OH), 4.73.4.84 (m, 4H, 4 x OCH 2 ). 
95% 0 

£ 5mL ft® a HJ^^t^A^^j lc(6.1mg, 0.01 mmol) , 
* CCU (1 mL)*#, WUTt# 10 fc^A. 7-i£T^ 2-^ 

^ 2h(43mg,0.2mraol)f-^7KcCl4(lmL)t^^ o 0 CT 

t#ii^4iM^^db (TLCJM), **#*4L<JLh**jS^I , ft^ 
4M3^UMM£*fe(ifc«,#J: C«t&W/^j*«t=l/3) #f.j3h, ^99% ft* 
^[<x]=-168.38° , 1 HNMR (300MHz, CDC1 3 ) (ppm) 7 87 (d 

7=9.0 Hz, 2H, 2 x HC (5)), 7.78(d, 7=9.0 Hz, 2H, 2 x H C (4)), 7.21 (d, 7=9 0 Ife 
2H, 2 x HC (3)), 7.03 (dd, 7=9.0 Hz, 3.0Hz, 2H, 2 x H C (6)), 6.49 (s, 2H 2 x ' 
HC (8)), 5.08 (s, 2H, 2 x OH), 3.68 (m, 4H, 4 x OCH,), 1.58-1.67 (m 5 4H 4 x 
OCH2CH2), 1.28-1.40 (m, 4H, 4 x CH 3 CHb), 0.85-0.89 (t, 6H, 6 x CH 3 ). 
94%„ 

* 5mL ft* * BA*ftt*A^*i lc (6.1 mg, 0.01 mmol) , 
* CCU (1 mL)**, £JML*lT*# 10 dHt, «j&*,a. 7-)***.*. 2-& 
^2i(40mg 5 0.2mmol)-f^7jC C Cl 4 (lmL)t^^„ 0 CT 

tt#jL*)*#**A**;* (TLCJM)> ^4M^fiLL***4N , fe*. 
#^^#^(«^J: d*ri»/*j*lt-i/3) #«| 31, ^99% tofe 
a ]=-l 86.51 ° , 'HNMR (300MHz, CDC1 3 ) (ppm) 7 87 (d 

7=9.0 Hz, 2H, 2 x HC (5)), 7.78(d, 7=9.0 Hz, 2H, 2 x HC (4)), 7.21 (d, 7=9 0 Hz' 
2H, 2 x HC (3)), 7.03 (dd, 7=9.0 Hz, 3.0Hz, 2H, 2 x HC (6)), 6.49 (s 2H 2 x ' 
HC (8)), 5.08 (s, 2H, 2 x OH), 3.66-3.78 (m, 4H, 4 x 0 CH 2 ), 1.58-1.67 (m' 4H 
4 ^^95y 2) ' 1 ' 20 " 1 ' 40 (m ' 4H ' 4 X SCH 3)' 0-87-0.89 (t, 6H, 6 x C H 3 ). * 

5mL a W^ftjfct «^-»^#J lc (6.1 mg, 0.01 mmol) , inAJt 
* CC1 4 (1 mL)SMf , ^^^TW 10 7^A**fc*Ufc 2- 

»2j(54mg,0.2mmol)f-^7jCCCU(lmL)t^^„ JUK%*#£o C 
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❖^^^felt^CifeW.*): &*tZ,S&/;S&S*=i/3) #SiJ 3j, ^ 99% & 

4t^[a]=-153.83° , 'HNMR (300MHz, CDCI3) (ppm) 7 87 

(d, .7=9.0 Hz, 2H, 2 x HC (5)), 7.78(d, 7=9.0 Hz, 2H, 2 x HC (4)), 7.21 (d, 7=9 0 
Hz, 2H, 2 x HC (3)), 7.03 (dd, .7=9.0 Hz, 2.4Hz, 2H, 2 x HC (6)), 6 49 (d 
J=2.1Hz, 2H, 2 x HC (8)), 5.07 (s, 2H, 2 x OH), 3.67-3.77 (m, 4H, 4 k OCH 2 )' 
1.59-1.66 (m, 4H, 4 x OCH.CH,), 1.25-1.29 (m, 20H, 20 x C HA 0.86-0 90 ft 
6H,6xCH 3 ). 94%. 

* 5mL W»P lc(6.1 mg, 0.01 nmol) , *AJt 

#■ ecu (1 mLy&m, &&^Ttm 10 m%fo^ 

2k(66m & 0.2mmol)-f^CCU(lmL)t^*«.. JU&»<^4fcfc0 "CTt 

A4fcIfc£4M(ftA*|: £*&tt/;&*9ifc-l/3) mUk, ^4 94%, HHUt 
^ [a]=-86.32° M&frft ! HNMR (300MHz, CDC1 3 ) (ppm) 7 86 (d 
.7=9.0 Hz, 2H, 2 x HC (5)), 7.78(d, 7=9.0 Hz, 2H, 2 x H C (4)), 7.21 (d, >90Hz 
2H, 2 x HC (3)), 7.03 (dd, 7=9.0 Hz, 2.1Hz, 2H, 2 x H C (6)), 6.49 (d, J=2.1Hz ' 
2H, 2 x HC (8)), 5.08 (s, 2H, 2 x OH), 3.65-3.79 (m, 4H, 4 x OCH 2 ) 1 59-1 67 
(m, 4H, 4 x OCH 2 Cifc), 1.25-1.27 (m, 36H, 36 x CJ&), 0.88-0.92 (t, 6H, 6 x 
CH 3 ). 97%. 

* 5mL # « a B| jfcftfe t *LM*4fe#J lc (12.2 mg, 0.02 mmol) , fc^JL 
*OCl4(10mL)*<f, mWlO^, ^^2-»(290mg, 
2 mmol)^^,7jc CCI4 (10 mL)t^lM. J&jkft&yiijfc OTCT*MfJLS!]/R*|h 
JM^ftifc^ CTLC Jt«), ^#^^_L^^,j , 
*fc(ifc«,#J: £ftt&6*AS&St=i/3) #fij (^)-BlNOL3a, ^85%,^^ 
*f 'HNMR (300MHz, CDC1 3 ) (ppm) 7.98 (d, J=9.0 Hz, 2H, 2 x HC (4)), 
7.90 (d, J=7.8 Hz, 2H, 2 x HC (5)), 7.38 (d, J=9.0 Hz, 2H, 2 x HC (8))' 
7.41-7.27 (m, 4H, 2 x H C (6), 2 x HC (7)), 7.16 (d, y=8.4Hz, 2H, 2 x HC (3))' 
5.09 (s, 2H 3 2 x OH). *##fe£ 90% ftS!*, (Kromasil CHE-TBB column,' 
Hexane/ propan-2-ol= 90: 10; flow rate 1 mL/ min; S-isomer, t R 7.78 min and 
^-isomer, t R 8.79 min). 
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2 . , WUH-Ht^w,, * t . ****** 5. r* 

3- ****** I mt#+*.4UUH, * + , & RA 

*.T*. 
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8. #*^J^1******^, Jt tf ****** ^ 

W»#«t*SMf-f *.Bt, * 40~60'CT«# 5-15 

12, *»*UW**10^4t^^*. ##^ : #tbt ^ 

^^^-fr^Hs^ 1:1. 

13. ***.#J*4l 10^^*1^*, 

NaAc: * : 3 ,3' -^f V0S0 4 ****** 
1.2:2.4: 100-150:0.5: 1.1 . 
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